We present optical ESO time-series and UV archival (FUSE, HST, IUE) spectroscopy of the H-rich central star of He 2-138. Our study targets the central star wind in a very young planetary nebula, and explores physical conditions that may provide clues to the nature of the preceding post-AGB super-wind phases of the star. We provide evidence for a dense, slowly accelerating outflow that is variable on time-scales of hours. Line-synthesis modelling (SEI and CMFGEN) of low and high ionization UV and optical lines is interpreted in terms of an asymmetric, two-component outflow, where high-speed high-ionization gas forms mostly in the polar region. Slower, low ionization material is then confined primarily to a cooler equatorial component of the outflow. A dichotomy is also evident at photospheric levels. We also document temporal changes in the weak photospheric lines of He 2-138, with tentative evidence for a 0.36-day modulation in blue-to-red migrating features in the absorption lines. These structures may betray 'wave-leakage' of prograde non-radial pulsations of the central star. These multi-waveband results on the aspherical outflow of He 2-138 are discussed in the context of current interest in understanding the origin of axi-and point-symmetric planetary nebulae.
INTRODUCTION
There are several motivations for studying the time-variable characteristics of PN central stars (CSPN): Chandra and XMM-Newton observations are providing new perspectives on the presence of hot bubbles in planetary nebulae formed from the interaction between central star fast winds and the ambient asymptotic giant branch (AGB) phase gas (e.g. Kastner et al. 2008) . The origin of the X-ray emission remains uncertain, as does the consequence of a potentially spatially clumped central star fast wind. We have previously reported on far-UV FUSE satellite spectroscopic time-series observations of NGC 6543 (Prinja et al. 2007 ); there we demonstrated in particular the incidence of coherent, systematically evolving structures in the fast wind of the Hrich central star. The empirical characteristics derived by Prinja et al. (2007) are clearly comparable to the signatures of large-scale structure in clumped radiation pressure-driven winds of OB stars. The post-AGB mass-loss via a fast wind Schneider et al. (1983) and close to the stellar surface. We focus in this respect on high-quality ESO optical data of the young H-rich central star He 2−138.
He 2-138
This paper reports on optical time-series and archival UV data of the central star of He 2-138 (PK 320-09 1). The central star provides an interesting balance in that (i) its fast wind reveals intermediate strength, unsaturated UV resonance lines, (ii) the weaker optical photospheric lines are very symmetric and likely not 'contaminated' by wind effects, and (iii) the wind densities at low velocities are high enough to provide some optical signatures of the outflow.
The nebula itself has a complex knotted appearance, with bubble-like structures arranged in fairly symmetrical form, providing an overall elliptical morphology (see e.g. the HST WFPC2 Hα imaging survey of Sahai & Trauger 1998) . There is no recent published model atmosphere analysis of the central star, though a non-LTE study deriving a few basic parameters is given by Mendez et al. (1988) ; Adopted parameters are listed in Table 1 and include values derived from a new non-LTE analyses carried out during our present study of He 2-138. Hutton & Mendez (1993) have documented visual magnitude changes in He 2-138 with amplitudes of between ∼ 0.1 and 0.15 mag. The fluctuations occur over timescales of a few hours and are similar to those evident in IC 418 (e.g. Mendez et al. 1986 ). The magnitude changes are not obviously modulated or periodic and may relate to variable conditions in the near-photospheric (inner-wind) regions. In their search for radial velocity variations in Southern Hemisphere CSPN, Afar & Bond (2005) quote a greater than 99% probability that He 2-138 is a radial velocity variable. These changes occur over ∼ daily time-scales, but without any convincing evidence for a period.
Our aim in this study is to determine optical and UV mass-loss parameters for an object that is in the early stages of the planetary nebula phase. We explore here the evidence for a structured outflow in He 2-138 and examine corresponding or unrelated signatures for photospheric variability.
ESO TIME-SERIES OPTICAL SPECTROSCOPY
The study of variability in the central star of He 2-138 is based primarily on data collected from the ESO 3.6m telescope at La Silla, with the HARPS spectrograph, over three nights between 2006 March 24 and March 26 (BJD 2453818.67601 to 2453820.90567). During each of the three nights 6 spectra were secured over a time span of ∼ 5.5 hours. The HARPS instrument delivered a total spectrum range of ∼4000 to 7000Å, with spectral resolution R ∼ 110,000. The continuum signal-to-noise in individual spectra, achieved in 30 minute exposures, is typically ∼ 40. Standard ESO pipe-line data reduction was conducted using MI-DAS procedures, including flat-fields, bias subtraction and wavelength calibration. All spectral line profiles presented here have been corrected for a system radial velocity of −49 km s −1 (e.g. Table 1 ). The typical spectrum includes stellar lines plus nebular emission. Characteristic features spanning nearphotospheric He i and weak metal line absorption profiles; blue-shifted absorption and weak P Cygni lines; and nebular lines are show in Fig. 1 . The stellar continuum is derived by fitting line-free regions of the spectrum with a first-order polynomial; this study is focused on the properties of normalised line profiles and we do not attempt to derive any flux calibrated measurements. Though the spectra have been secured in varying seeing conditions and position angles, the primary line profile changes studied here can be attributed to stellar variations. The nebular lines (e.g. [NII] in Fig. 1 ) confirm that He 2-138 is a low excitation planetary nebula.
TIME-AVERAGED FAST-WIND CHARACTERISTICS
We collate in this section the overall mean outflow properties of He 2-138, based on our ESO optical dataset and archival UV spectra. Additional fundamental parameters are also derived here from non-LTE line-synthesis modelling of the time-averaged spectra. The fast wind of He 2-138 is most sensitively diagnosed in the optical time-series primarily by a well developed P Cygni-like profile in Hei λ5875.57 (2 3 P 0 −3 3 D). The blueward absorption trough extends to ∼ −200 km s −1 , with comparable redward extent for the emission wing. This line serves as the most useful probe of temporal behaviour in the fast wind and its variability signatures are derived in Sect. 4.
Additional information on the nature of the fast wind in He 2-138 can be extracted from UV data. A selection of the wind-formed line profiles in FUSE, IUE, and HST spectra is shown in Fig. 2 . The wind is evident in low-ionisation species due to Cii λ1335, Aliii λλ1855,1863, Mgii λλ2796, 2802, and also in the higher ions Siv λλ1063, 1073, Siiv λλ1394, 1403, and Civ λλ1548, 1551. Note that Nv λλ1238, 1242 and Ovi λλ1032, 1038, which generally trace shocked gas in hot star winds, is absent in He 2-138. The blueward absorption trough of the high-ion lines extend to ∼ 500 to 700 km s −1 , and ∼ 100 to 300 km s −1 in the low ion species. Overall, the wind lines exhibit strong optical depths, including saturated regions at low to intermediate velocities.
The impression from the UV lines and a P Cygni-like Hei λ5876 is that He 2-138 has a dense, comparatively slow central star wind. Further support is provided by the unusual behaviour of the Siiii λ1300 triplets shown in Fig. 3 , where the rest wavelengths of the lines are indicated in the radial velocity corrected IUE spectrum. The Siiii triplets are clearly blueshifted by between −60 km s −1 to −80 km s −1 and thus trace the radial expansion at the base of the outflow. We conclude that a very dense, slowly accelerating wind is implied in these data.
Line-synthesis modelling
To decode physical parameters from the UV wind resonance lines we first employed the 'Sobolev with exact integration' (SEI) code of Lamers et al. (1987) , but with modifications detailed in Massa et al. (2003) ; these changes principally permit the radial optical depths of the wind to be treated as independent, discrete and variable bins in velocity space. Once the empirical velocity law of the wind is determined, this approach provides reliable radial optical depths for unsaturated wind lines as a function of normalized velocity, τ rad (w), where w = v/v∞ and v∞ is the terminal veloc- Table 2 . SEI-derived mass-loss and wind ionization parameters.
ity of the wind. The fits to individual wind lines require parameters for the terminal velocity, 'β-type' velocity law, turbulent velocity, and τ rad (w) (specified as a set of 21 independent velocity bins). The effect of a photospheric spectrum in the SEI profile fitting is approximated by adopting a TLUSTY plane-parallel model atmosphere spectrum (Hubeny & Lanz, 1995) for T eff = 29000 and logg = 3.0 and a projected rotation velocity of 45 km s −1 (see below and Table 1 ). This input photospheric spectrum provides a reasonable match to the 'underlying' absorption and it primarily needs to be incorporated to match wind-formed profiles that are located across the heavily line-blanketed UV regions between ∼ 1300Å to 1900Å. The τ rad (w) values were converted into a product ofṀ times ionization fraction,Ṁ qi(w) (see, e.g., Massa et al. 2003) ; we derive here the mean Ṁ qi values over 0.2 v/v∞ 0.9 for several ions analysed.
SEI model fits to Siiv λλ1400 (IUE), Civ λλ1400 (HST), Siv λ1073 (FUSE), and Aliii λλ1855, 1863 (IUE) are shown in Fig. 4 , and include panels displaying the TLUSTY photospheric inputs and the derived radial optical depths as function of normalised velocity. We note firstly that reasonable matches to the observed data are obtained, but we require a different maximum velocity for Siiv and Civ (= 750 km s −1 ) as opposed to 300 km s −1 for Siv and the low ion species generally. For an assumed solar abundance and parameters adopted in Table 1 (and derived below), the values obtained for the product of mass-loss rate and ionization fraction ( Ṁ qi ) are listed in Table 2 .
Despite the slow velocity law used (β = 3) and generally high turbulent velocities (vt), the SEI models mostly underpredict the strengths of the emission components. Additionally, the fit to the Civ doublet remains problematic, where the redward low-velocity absorption component is also too Figure 4 . SEI model fits (solid line) to Siiv λλ1400 (IUE),Civ λλ1550 (HST), Siv λ1073, and Aliii λ1855 (FUSE) P Cygni profiles of He 2-138. The panels below each fit show the adopted radial optical depths and input (TLUSTY) photospheric spectra. Note that the maximum velocity adopted in Siv and Aliii of 300 km s −1 has to be raised to 750 km s −1 to match the blue wings of Siiv and Civ . weak in the model. It is also unexpected to note the large differences between the Siv λλ1063, 1073 and Siiv λλ1394, 1403 lines, given that the ionization ranges of these lines bracket each other so closely (though the Si line has greater cosmic abundance). These discordances (Fig. 4 ) may confirm our conclusion earlier that He 2-138 has a very dense wind. It might in fact be that the density of the wind is so high (with a very shallow velocity law) that the Sobolev (single scattering) theory in no longer valid and the normal SEI source function is not appropriate in this case.
To gain further insights into the time-averaged characteristics of the wind, we also examined line synthesis using the unified non-LTE, line blanketed model atmosphere code CMFGEN (e.g. Hillier & Miller 1998) . Very briefly, CMFGEN solves the non-LTE radiation transfer problem assuming a chemically homogeneous, spherical-symmetric, steady-state outflow. Each model is defined by the stellar radius, the luminosity, the mass-loss rate, the wind terminal velocity (v∞), the stellar mass, and by the abundances of the species included in the calculations. The code does not solve for the hydrodynamical structure, hence the velocity field has to be defined. A solution, commonly adopted, is to use the output of a plane-parallel model (such as TLUSTY) to define the pseudo-static photosphere, connected just below the sonic point to a beta-type velocity law to describe the wind regime. We consider H, He i/ii,
The ionization balance of He is used to derive the effective temperature. We consider only Hei lines belonging to the triplet spin system and Heii lines present in the optical spectrum. In this case, the Heii lines react strongly to changes of ± 1000 K, whilst the Hei lines remain unaffected. The surface gravity is determined by fitting the H Balmer lines series. We give more weight to higher lines in the series, because the effect of the stellar wind and the contamination by the ionized gas is less important. It has to be noted that the photospheric structure is linked to the stellar mass, hence its adopted value could produce changes. These would be very small, however, for our target object.
As shown in Fig. 5 , our final model (Table 3) reproduces well most of the features present in the FUV/UV spectrum. However, the model does not match the wide absorption troughs observed in the Si iv and C iv UV profiles, and it under-predicts the strength of the Al iii lines. Low ionization species present in the UV range, such as C ii and Al iii will require a lower (significantly lower in the case of the C features) effective temperature, but will then not reproduce the observed He i/ii ionization balance. Similarly, high ion- ization features present in the optical spectrum (O iii and C iv lines) would require a higher effective temperature, that again would not be consistent with the He ionization balance. We noted the same discrepancy in the SEI modelling earlier (Fig. 4) , where a 'two component' wind was invoked and v∞ = 750 km s −1 used for the C iv and Si iv IUE lines. Note that the HST STIS spectrum of Civ modelled in Sect. 3.1 (Fig. 4) was secured in 2004 June and is broadly similar to the IUE high-resolution line profile taken in 1989 May. The maximum epoch to epoch change evident in the archival data is ∼ 100 km s −1 in the shallow blueward wing. The variation is thus not sufficient to account for the two component behaviour discussed above.
Overall, the unusual nature of the wind lines in He 2-138 is borne out by our comparisons to the model line profiles for spherically symmetric winds. We believe that the dichotomy in matching low and high ion lines, including discrepancies (with respect to symmetric models) in the relative absorption and emission strengths of the P Cygni profiles, argue in favour of a wind whose terminal velocity and mass-loss have a latitude dependence. Low velocity, low ion species would form primarily in the cooler equatorial regions of an asymmetric outflow that is viewed almost pole-on. The high speed Siiv and Civ bearing gas is then driven out mostly in the hotter polar regions of the flow. This notion of a two-component, asymmetric wind in He 2-138 is discussed further in Sect. 5 For a v∞ of 300 km s −1 , T eff = 29000 K, adopted central star mass of ∼ 0.6 M⊙ and a log (L/L⊙) ∼ 3.9, the model in Fig. 5 yields a mass-loss (wind strength) parameter log Q ∼ −11.45 dex (where Q =Ṁ (R⋆v∞) −1.5 ) and thus a mass-loss rate of ∼ 1.2 × 10 −7 M⊙ yr −1 . The adopted model is for a smooth wind and any clumping is unconstrained here, but it is noted as being at a very low degree. The corresponding wind momentum value log (Ṁ v∞ R 0.5 ⋆ ) of ∼ 26.6 dex sits within the scatter in the wind-momentum luminosity relation observed for CSPN and predicted by the line-driven wind theory (see e.g. Kudritzki, Urbaneja & Puls, 2006) . Though these authors note that in the luminosity regime restricted to CSPN (and excluding luminous O-type stars), there is no convincing relation between wind momentum and luminosity.
It is interesting to compare this result from the ab initio CMFGEN prediction to the empirical, SEI-derived Ṁ qi results presented earlier. For a mass-loss rate of ∼ 1.2 × 10 −7 M⊙ yr −1 , the corresponding mean ion fractions based on the SEI profile fits (Fig. 4) are also listed in Table 2 . The empirical analyses would suggest therefore that none of these strongly absorptive ions are dominant in the outflow of He 2-138. We note however that the CMFGEN base model (Table 3 ) predicts (for smooth or weakly clumped winds) that the S 3+ and Si 3+ ionization fractions are dominant in the wind (i.e. ∼ 90%). This disparity would suggest that either the CMFGEN derived mass-loss rate is overestimated or the SEI product ofṀ qi(w) is underestimated.
TEMPORAL CHANGES IN THE WIND AND PHOTOSPHERE
The time-dependent nature of the central star wind in He 2-138 is discussed here, based primarily on the ESO timeseries data of the P Cygni-like Hei λ5876 feature (see Fig.  1 shift in the blue wing of Sivλ1073.5. Unambiguous evidence for changes in the central star wind comes from the Hei λ5876 line. The sequence of 18 spectra secured over ∼ 2.2 days is shown in Fig. 6 . The absorption trough is variable out to ∼ 200 km s −1 . The equivalent widths vary between ∼ 0.37Å to 0.65Å and ∼ 0.47Å to 0.8Å, for the absorption and emission components, respectively. These changes are correlated such that the deepest absorption troughs are accompanied by the strongest emission components. At its greatest, the absorption and emission equivalent widths of the profile can increase (in concert) by ∼ 60%.
The temporal characteristics of Hei λ5876 line profile are explored further in Fig. 7 , together with the properties of the photospheric dominated absorption lines of Hei λ4026, Hei λ4471, and Civ λ5801. The Temporal Variance Spectrum (TVS; e.g. Fullerton et al. 1996) indicates a slight blueward asymmetry in the profile changes of Hei λ5876 at the 95% significance level. A strong absorption enhancement is evident during the second night of observations, extending to ∼ 200 km s −1 . These data are not intensive enough to conclude whether this is an episodic migrating feature akin to the discrete absorption components (DACs) seen generally in the UV spectra of OB stars and also reported in the FUSE data of NGC 6543 by Prinja et al. (2007) . The weaker photospheric lines are also undoubtedly variable on hourly time-scales and the grayscale representations in Fig. 7 reveal similar systematic changes in each of three lines considered. The equivalent widths of the photospheric lines are not conserved, and we measure changes of up to ∼ 25% in the Hei λ4471 and Hei λ4026 spectra. These variations do not correlate with the blueward or redward fluctuations of the Hei λ5876 P Cygni profile. The same is true for the very weak and narrow Si iii λλ4552, 4567 and 4574 triplet shown in Fig.  1 , which exhibits ∼ hourly changes that mimic those of Hei λ4471 and Hei λ4026. We conclude that temporal changes in the central star wind are not evident in the deep-seated regions close to the photosphere and likely arise further out in the outflow, where they are diagnosed via Hei λ5876.
In Fig. 7 , the data of photospheric lines, which are shown as residuals from the mean profiles, reveal blue to red travelling pseudo-absorption and pseudo-emission features in the dynamical spectra. This behaviour may be indicative of the presence of prograde non-radial pulsations of the photosphere. The variability pattern is similar from night to night. In each of the photospheric lines the redward variance (TVS) is stronger than the blueward TVS, and this asymmetry is marked by a drop in variance at rest velocity. The blue-to-red features migrate across the full span of the absorption trough over an estimated ∼ 0.3 to 0.4 days. The empirical changes in the near-surface lines of e.g. Hei λ4471, Hei λ4026 and Civ λ5801 are characterised by localised structure in the absorption troughs as opposed to whole-scale radial velocity shifts about line centre. These sub-features can have the effect of extending either the blue or red wing of the profile, while the other wing stays constant. In extreme the features can results in a ∼ 25% change in equivalent width. Note that though the variations in Hei λ4471 and Hei λ4026 (and other similar features in the optical spectrum of He 2-138) extend to more that ± 100 km s −1 (Fig. 7) , the basic pattern of changes is the same as that evident in Civ λ5801, which is a much narrower line (closer to ± projected rotation velocity) and likely forms very close to or at the photosphere. With the caveat that our time-series dataset of He 2-138 is sparse, we conducted a periodogram analysis to search for evidence of cyclic behaviour in the Hei λ4026 and Hei λ4471 lines. The frequency range sampled by the data from ∼ 0.5 days −1 to 10 days −1 was examined for periods by employing the CLEAN algorithm described by Roberts et al. (1987) . Following an iterative deconvolution of the (strong) window function for our dataset, the only potentially significant peaks in the resulting power spectra are aliases of each other at ∼ 1.4 d −1 and 2.8 d −1 (see Fig. 8 ). We estimate a ∼ 30% uncertainty in these frequencies based on the widths of the power spectra features. The shorter corresponding period, i.e. 0.36 days, is repeated over more than six cycles during the full span of the observing run. Grayscale representations of the 18 individual quotient (with respect to the mean) line profiles are shown phased on the 0.36 day period in Fig. 9 (folded over 2 cycles). The Hei λ4026 and Hei λ4471 lines clearly show some coherency in the travelling features over the 0.36 day time-scale. In contrast the outflow dominated Hei λ5876 profile is more fragmented in the phased plots and there is certainly no evidence that the outflow changes are modulated on this time-scale.
The detection of a residual variability pattern in Figs. 7 and 9 that extends to velocities higher than the mooted projected rotation velocity may be interpreted in terms of the 'wave-leakage' mechanism, which permits pulsations to initiate perturbations in the deepest stellar wind regions. For example, Cranmer (1996) and Towsend (2000) argue that pulsations arising in the stellar interior can migrate toward the outer atmospheric layers as high frequency gas pressure (p mode) waves or as lower frequency (g mode) waves. The notion of wave-leakage in He 2-138 would be consistent with our conclusion in Sect. 3.1 that the central star has a very dense wind, thus in effect there is no clear boundary at which pulsations get reflected and confined.
DISCUSSION
We have revealed that He 2-138 has a dense, slowly accelerating central star wind, that is variable on time-scales of hours to days. The SEI and CMFGEN line synthesis models presented here support the notion that He 2-138 exhibits a 'two-component' outflow: A hotter (i.e > 29,000 K) component provides a better match to the (near) photosheric Civ and Oiii optical lines, but predicts too much Heii and hence less Hei. In contrast cooler models (∼ 25,000 K) reproduce better the low-ionization UV lines (including Cii and Aliii), but these models predict too much photospheric Hei and too weak Heii lines. Additionally, the spherically symmetric SEI and CMFGEN models cannot reproduce the observed relative absorption and emission strengths of the Siiv λλ1400, Civ λλ1550, and Mgii λλ2800 P Cygni profiles. This discordance may be interpreted to suggest that the outflow is asymmetric. While the UV Siv λ1073 line is (a lower abundance) surrogate to Siiv in the range of ionization potential, its line profile can only be matched by adopting a maximum wind velocity of 300 km s −1 , while a higher velocity of 750 km s −1 is needed for Siiv λλ1400 (and Civ λλ1550). Though the spectral lines we considered have been secured at different epochs (for ESO, IUE, HST, and FUSE data), multiple archival FUV and UV spectra spanning several years do not provide any indication that the shortward wings of the wind lines are variable by several 100 km s −1 . An analogous example of a 'hybrid' wind may be that of B[e] stars, where a two-component stellar wind model has been proposed (e.g. Zickgraf et al. 1985) . In this scenario a hotter and faster polar wind gives rise to more extended high-excitation absorption features, and in contrast a slowly accelerating cooler equatorial disk wind promotes narrower low-excitation lines. Extremely slow (less than 100 km s −1 ) disk winds can then be seen in B[e] stars viewed edge on. The increasing maximum outflow velocity in He 2-138 from Aliii to Siv, and to Siiv and Civ may reflect the spatial distribution of these ions in a hypothesised latitude dependent outflow viewed approximately pole-on. One inconsistency in comparison to B[e] star-type hybrid winds is that the Nv λλ1240 doublet would in this scenario be expected to be strongly in emission. This resonance line is however absent in IUE spectra of He 2-138, and since FUSE data do reveal the presence of Niii λ955, we do not anticipate a strong N abundance anomaly. The absence of Nv may instead reflect a general lack of shocked X-ray emitting gas. The Ovi λλ1032, 1038 doublet is also not present. N 2+ is then expected to be a dominant ionisation stage in the wind.
In addition to a proposed non-spherical outflow in He 2-138, our analyses also provides indications of some dichotomy in the photospheric lines (see above). One possibility is that the central star is a rapid rotator, and we are indeed viewing it almost pole on (i.e. at a smaller projected velocity). The rapid rotation distorts the surface layers sufficiently such that we view a hotter polar region and cooler equatorial surface.
Evidence for asymmetries in the central star wind of a very young PN such as He 2-138 is interesting in connection to the wider debate as to the origin of commonly seen, non-spherical nebulae, many of which reveal axi-and point-symmetries. For example, the higher mass-loss superwind that marks the end of the AGB phase may be highly asymmetric, and in the Interacting Stellar Wind model could result in a non-spherical nebula. The young nebula of He 2-138 is undoubtedly complex (e.g. Sahai & Trauger 1998) and suggestive of strongly collimated post-AGB mass-loss. The morphology of the low and high ion UV lines presented here also points to an asymmetry in the subsequent central star wind. The cause of this asymmetry remains uncertain. The role of subsurface convection and a sustained AGB magnetic dynamo has been studied previously in the context of bipolar PN shapes (e.g. Blackmann et al. 2001; Nordhaus et al. 2007 ). The combination of rotation and a long-term large-scale magnetic field might then lead to an equatorially enhanced super-wind. Indeed our notion that the central star in He 2-138 may be a rapid rotator would be consistent with the simulations of e.g. Dwarkadas (2004) , who reported that fast rotation of the central star can lead to non-spherical mass-loss. In the early stages of the nebular evolution the aspherical mass-loss could then result in a bipolar wind-blown bubble.
An alternative scenario is that binarity is the cause of the non-spherical planetary nebulae. Photometric and spectroscopic radial velocity surveys have suggested that at least ∼ 15% of PN central stars are in short period (less than 3 days) close binaries (e.g. Bond 2000; De Marco et al. 2004) . Unambiguous spectroscopic confirmation of central star binaries has been difficult to achieve and in many cases the fluctuations of deep-seated spectral lines appear to be erratic and not cyclic on a clear period (e.g. De Marco et al. 2008 ). In our study of He 2-138 the photospheric Hei and metal lines are also variable, but they do not exhibit the tell-tale sinusoidal pattern in radial velocity shifts. We argue here instead that at least the ∼ hourly temporal changes evident in the photospheric lines of He 2-138 are more reliably interpreted as blue-to-red migrating features in the absorption profiles, which may provide tentative evidence for photospheric velocity fields and wave-leakage due to prograde non-radial pulsations. We would not assign the changes seen in e.g. Hei λ4026, Hei λ4471, and Civ λ5801 as due to the effects of a variable central star wind. In He 2-138 the outflow is only diagnosed in our data via the P Cygni-like profiles of Hei λ5876 and the FUV and UV resonance lines.
Unravelling the occurrence of central star binarity and photospheric structures (pulsational or magnetic) demands intensive time-series over several days. These requisites are observationally challenging to secure, particularly as multisite observations may also been needed in order to provide sufficiently continuous monitoring. However, we have demonstrated in this study of He 2-138 that it may be rewarding to conduct an extensive comparative study of the morphologies of the UV fast wind lines of young PN central stars, with the goal of investigating in time-averaged (archival) data the evidence for non-spherical outflows. These signatures may be relics of the structure of the preceding post-AGB super-wind phase.
